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(54) Pure water tank for fuel battery power generating system 



(57) A pure water tank for a fuel battery power gen- 
erating system includes a tank body and a heat insula- 
tion mechanism arranged in the circumference of the 
tank body. By this heat insulation mechanism, the freez- 
ing of pure water in the tank body is prompted from the 
side of a bottom wall of the tank body. In the tank body, 
the growth of an ice gorge progresses from the side of 
the bottom wall toward a top wall of the tank body along 
its side walls and finally, the pure water freezes totally. 
Since the expansion of water due to its freezing is al- 
lowed in the upper space of tank body, the deformation 



of the side walls can be prevented. For promoting to 
thaw out the frozen water, a jacket is formed so as to 
extend from the bottom wall of the tank body to the side 
walls. A plurality of heat medium tubes may be provided 
to cross the interior of the tank body between an intro- 
ductory side pipe of the jacket and an emissary side pipe 
of the jacket. Then, by introducing liquid heat medium 
into the jacket and the heat medium tubes, both periph- 
eries and center of the ice gorge are firstly heated, so 
that the whole ice gorge can be thawed out in a short 
time. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



[0001] The present invention relates to a pure water 
tank for a fuel battery power generating system. 

2. Description of Related Art 

[0002] Pure water is indispensable to a fuel battery 
generating system in order to humidify fuel gas or oxi- 
dant gas supplied to stacks of fuel batteries. However 
it should be noted that the pure water would freeze if a 
vehicle equipped with such a fuel battery generating 
system stops for a long period in a cold district. 
[0003] Considering such a situation about the fuel bat- 
tery generating system, Japanese Patent Application 
Laid-open No. 2000-149970 discloses one prior art 
structure where a pure water tank is provided with a 
spare tank around which a heater is wound. When start- 
ing the operation of the fuel battery generating system 
under the above-mentioned situation, the heater is en- 
ergized to melt frozen water in the spare tank and sub- 
sequently, the resultant molten water in the spare tank 
is supplied for use. 



EP 1 406 330 A2 



to be molten. Thus, the disclosed structure cannot effect 
remarkable improvement in the starting ability of the fuel 
battery generating system. 

[0008] In the above situation, it is another object of 
5 the present invention to provide a pure water tank that 
can shorten a thaw time of an ice gorge of pure water 
with simple structure thereby to accomplish the remark- 
able improvement in the starting ability of the fuel battery 
generating system. 
10 [0009] According to the first aspect of the present in- 
vention, the above-mentioned object is accomplished 
by a pure water tank for a fuel battery power generating 
system, comprising: 
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a tank body having a bottom wall, side walls and a 
top wall, accommodating pure water; and 
a heat insulation mechanism arranged in the cir- 
cumference of the tank body to prompt freezing of 
the pure waler starting from the side of the bottom 
wall. 



SUMMARY OF THE INVENTION 

[0004] Meanwhile, it is also noted that the pure water 
tank is arranged, together with other functional compo- 
nents, in an empty space formed under e.g. a vehicle 
floor. Therefore, if a vehicle stops for a long period in a 
cold district, the pure water in the tank begins to freeze 
at an upper water level in the pure water tank. Subse- 
quently, such a freezing advances along the side wall of 
the tank from its upside toward the underside while an 
ice gorge is growing toward the underside of the tank 
so that the whole tank freezes finally. 
[0005] Here noted that the pure water expands due to 
such a freezing. When the freezing starts at the upper 
side of the pure water tank, the freezing has its escape 
cut off. Consequently, a strain is produced at the side 
wall and the bottom wall of the tank, so that it may be 
deformed. 

[0006] In such a situation, it is an object of the present 
invention to provide a pure water tank that could prevent 
its body from being deformed even if the pure water 
freezes in the tank. 

[0007] Now, we discuss the prior art structure dis- 
closed in Japanese Patent Application Laid-open No 
2000-1 49970. In the process of unfreezing an ice gorge 
of pure water in the spare tank, the periphery of the ice 
gorge unfreezes relatively quickly due to the heater 
around the peripheral wall of the spare tank, while the 
center of the ice gorge unfreezes relatively slowly 
Therefore, it requires a long term for the whole ice gorge 



[0010] According to this invention, by the heat insula- 
tion mechanism, the freezing of the pure water in the 
tank body is prompted from the bottom wall. Then, the 
25 growth of an ice gorge in the tank body progresses from 
the side of the bottom wall toward the side of the surface 
level of the pure water along the side walls gradually. 
Thereafter, the whole pure water is frozen at last. 
[0011] Consequently, since the expansion of the pure 
30 water at freezing is allowed in the upper space of the 
interior of the tank body, it is possible to avoid deforma- 
tion of the side walls of the tank body due to the expan- 
sion of ice gorge. 

[0012] In the pure water tank mentioned above, pref- 
35 erably, the heat insulation mechanism comprises a heat 
insulation member that is attached to the outer surface 
of the tank body and the thickness of the heat insulation 
member is established to be thin on the side of the bot- 
tom wall of the tank body while being thick on the sides 
40 of the side walls and the top wall, relatively. 

[0013] According to the preferable embodiment, by 
adjusting the heat insulation member in thickness, it is 
possible to form the heat insulation mechanism as de- 
sired, with ease. 

[0014] Alternatively, the heat insulation mechanism 
may comprise: a jacket arranged so as to extend from 
the bottom wall to halfway of the side walls of the tank 
body, the jacket having a liquid heat medium introduced 
thereinto; and a vacuum chamber arranged above the 

50 jacket successively so as to extend from the side walls 
up to the top wall of the tank body. 
[0015] According to the above arrangement, due to a 
difference in insulation efficiency between the jacket 
having the liquid heat medium introduced thereinto and 

55 the vacuum chamber, it is possible to exhibit the desired 
function of the heat insulation mechanism sufficiently. 
[0016] Additionally, by introducing the liquid heat me- 
dium into the jacket at starting the fuel battery power 
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generating system , it is possible to shorten the thaw time 
of an ice gorge of the pure water in the tank body, where- 
by the starting ability of the system can be improved. 
[0017] Alternatively, the heat insulation mechanism 
may comprise: a jacket arranged so as to extend from 
the bottom wall to halfway of the side walls of the tank 
body, the jacket having a liquid heat medium introduced 
thereinto; and a heat insulation member arranged above 
the jacket successively so as to extend from the side 
walls up to the top wall of the tank body. 
[001 8] According to the above arrangement, due to a 
difference in insulation efficiency between the jacket 
having the liquid heat medium introduced thereinto and 
the heat insulation member, it is possible to exhibit the 
desired function of the heat insulation mechanism suf- 
ficiently. 

[001 9] Additionally, by introducing the liquid heat me- 
dium into the jacket at starting the fuel battery power 
generating system , it is possible to shorten the thaw time 
of an ice gorge of the pure water in the tank body, where- 
by the starting ability of the system can be improved. 
[0020] Preferably, the jacket on the side walls of the 
tank body is established so that a level of the liquid heat 
medium introduced into the jacket becomes higher than 
a top level of the pure water in the tank body at freezing. 
[0021 ] According to the above arrangement, since the 
liquid heat medium is introduced into the jacket at a level 
higher than the top position of an ice gorge, it is possible 
to thaw the ice gorge from its whole periphery including 
the upper portion, whereby the thaw time of the ice 
gorge can be shortened furthermore. 
[0022] Further, the tank body may be is formed so as 
to gradually broaden from the side of the bottom wall 
toward the side of the top wall. 

[0023] According to the above formation of the tank 
body, since the allowable space for the expansion of an 
ice gorge is enlarged, it is possible to prevent the side 
walls of the tank body from being deformed due to the 
expansion of pure water at freezing. 
[0024] According to the second aspect of the inven- 
tion, there is provided a pure water tank for a fuel battery 
power generating system, comprising: 

a tank body having a bottom wall, a peripheral side 
wall and a top wall; 

a jacket which is formed so as to extend at least 
from the bottom wall to the peripheral side wall and 
into which a liquid heat medium is introduced, the 
jacket having side jackets formed in side walls of 
the peripheral side wall; 

an introductory side header formed on the side wall 
to introduce the liquid heat medium into the side 
jackets; 

an emissary side header formed on the side wall to 
discharge the liquid heat medium from the side jack- 
ets; 

a plurality of heat medium tubes formed so as to 
cross the interior of the tank body and also commu- 



nicate with the introductory side header and the em- 
issary side header. 

[0025] With the above-mentioned structure, by intro- 
5 ducing the liquid heat medium into these jackets and the 
heat medium tubes, the ice gorge of pure water is heat- 
ed from its periphery and the center portion. In addition, 
since the thickness of ice gorge (part) between the ad- 
joining heat medium tubes is small relatively, the whole 
10 jce gorge can be thawed in a short time to allow the start- 
ing ability of the fuel battery power generating system 
to be improve remarkably. 

[0026] In the above invention of the second aspect, 
preferably, the heat medium tubes are shaped to be flat 

*5 and arranged so that their long diametral directions ac- 
cord with the vertical direction of the tank body. 
[0027] Owing to the formation and arrangement of the 
tubes, it is possible to make the thickness of each ice 
gorge between the adjoining flal tubes small and gen- 

20 erally uniform, whereby the thaw of the ice gouge can 
be promoted. 

[0028] Further, each of the heat medium tubes may 
be provided, at its center part in the long diametral di- 
rection, with a reinforcing rib that bridges between both 
25 side walls of the heat medium tube in the short diametral 
direction. 

[0029] Owing to the provision of the rib, it is possible 
to prevent each heat medium tube from being deformed 
by an expanding force of the ice gorge. 

30 [0030] In the above-mentioned invention, preferably, 
the pure water tank of the fuel battery power generating 
system further comprises a heat medium introductory 
pipe formed at one end of the introductory side header 
in the longitudinal direction and at the sectional center 

35 of the introductory side header, and a heat medium em- 
issary pipe formed at one end of the emissary side head- 
er in the longitudinal direction and at the sectional center 
of the emissary side header. 

[0031] Then, with the above arrangements of the heat 
40 medium introductory pipe and the heat medium emis- 
sary pipe, it is possible to distribute the liquid heat me- 
dium to the respective heat medium tubes evenly, allow- 
ing the promotion of thawing. 

[0032] Further, each of the heat medium tubes may 

45 be provided, on its periphery, with fins. 

[0033] Owing to the provision of the fins, the heat 
transmitting area of each heat medium tube is enlarged 
to allow the promotion of thaw furthermore. 
[0034] More preferably, each of the heat medium 

50 tubes is formed to have a passage cross-sectional area 
or the corresponding diameter generally equal to the 
passage cross-sectional area or the corresponding di- 
ameter of one of other lateral side jackets in different 
phase of the introductory side header and the emissary 

55 side header. 

[0035] According to the above arrangement, it is pos- 
sible to distribute the liquid heat medium to the other 
side jackets and the heat medium tubes evenly, where- 
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by the thaw performance can be improved furthermore. 
[0036] Further, the tank body may be taper-shaped so 
as to broaden from the side of the bottom wall toward 
the side of the top wall. 

[0037] According to the above formation of the tank 
body 3 since the allowable space for the expansion of an 
ice gorge is enlarged, it is possible to prevent the pe- 
ripheral side wall of the tank body from being deformed 
due to the expansion of pure water at freezing. 
[0038] More preferably, the lateral side jackets are re- 
spectively provided, at respective corners of the periph- 
eral side wall of the tank body, with curved bendings R. 
[0039] Owing to the formation of the curved bendings 
R, it is possible to reduce the current resistance of the 
lateral side jackets, allowing the liquid heat medium to 
flow smoothly. 

[0040] These and other objects and features of the 
present invention will become more fully apparent from 
the following description and appended claims taken in 
conjunction with the accompany drawings. 



Fig. 1 5 is a sectional view taken along a line XV- XV 
of Fig. 13; and 

Fig. 1 6 is a side view of Fig. 13, viewed from its left 
side. 

DETAILED DESCRIPTION OF THE EMBODIMENT 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0041] 

Fig. 1 is a schematic explaining view of a fuel battery 
power generating system using a pure water tank 
of the present invention; 

Fig. 2 is a view explaining the first embodiment of 
the present invention; 

Figs. 3A, 3B and 3C are views showing the freezing 
form of pure water in accordance with the first em- 
bodiment of the invention; 

Fig. 4 is a temperature graph showing the freezing 
of pure water along a model in accordance with the 
first embodiment of the invention; 
Fig. 5 is a temperature graph showing the freezing 
of pure water along a comparative example with the 
model in accordance with the first embodiment of 
the invention; 

Fig. 6 is a sectional view showing the model of the 

first embodiment of the invention; 

Fig. 7 is a sectional explaining view showing the 

second embodiment of the present invention; 

Fig. 8 is a sectional explaining view showing the 

third embodiment of the present invention; 

Fig. 9 is a plan view showing the fourth embodiment 

of the present invention; 

Fig. 1 0 is a sectional view taken along a line XX of 
Fig. 9; 

Fig. 11 is a semi-sectional view of Fig. 9, viewed 
from its left side; 

Fig. 12 is a graph explaining the unfreezing ability 

of the fourth embodiment of the present invention 

in comparison with a comparative example; 

Fig. 13 is a plan view showing the fifth embodiment 

of the present invention; 

Fig. 14 is a side view of Fig. 13; 



[0042] Referring to the accompanying drawings, the 
first embodiment of the present invention will be de- 
^0 scribed below. 

[0043] Fig. 1 shows a fuel battery power generating 
system equipped with a pure water of the present inven- 
tion. 

[0044] In Fig. 1, a fuel battery stack 110 includes a 
fuel pole 111 into which pure hydrogen as fuel gas is 
introduced from a compressed hydrogen tank 120 and 
an air pole 112 into which outside air is introduced as 
oxidant air. The fuel battery power generating system 
generates electricity by making the pure hydrogen intro- 
20 duced into the fuel pole 111 react with oxygen intro- 
duced into the air pole 112 through a not-shown elec- 
trolyte membrane. 

[0045] Both hydrogen and air supplied to the fuel bat- 
tery stack 1 1 0 are humidified by a humidifier 130 in order 
25 to activate the generating action of the system and pre- 
vent deterioration of the electrolyte membrane. The hu- 
midifier 1 30 is supplied with pure water stored in a pure 
water tank 1 0. 

[0046] The pure water for the above humidification of 
30 hydrogen and air is withdrawn by an exhaust system of 
the fuel battery stack 110, together with pure water re- 
sulting from the above reaction of hydrogen with air. 
[0047] Since the fuel battery stack 110 becomes fe- 
verish when generating electricity, the fuel battery stack 
55 1 1 o is cooled down by circulatory coolant from a radiator 
149. Antifreeze liquid is used as the coolant circulating 
between the radiator 1 40 and the fuel battery stack 110. 
According to the first embodiment, this antifreeze liquid 
is used as liquid heat medium for a later-mentioned jack- 
*o et 22 of the pure water tank 1 0. The jacket 22 is inter- 
posed in a coolant route 141 connecting the fuel battery 
stack 1 1 0 with the radiator 1 40. 

[0048] In the coolant route 141 connecting the fuel 
battery stack 1 1 0 with the radiator 1 40, a heater u nit 1 42 

45 is arranged between the fuel battery stack 11 0 and the 
jacket 22 to heat the coolant as occasion demands. This 
heater unit 142 may be provided by an electric heater 
or by utilizing fever produced by burning hydrogen dis- 
charged from the fuel battery stack 110. 

so [0049] In Fig. 1, thin solid lines a designate the flowing 
routes of air, an alternate long and short dash line p the 
flowing route of hydrogen, a broken line y the flowing 
route of antifreeze liquid, and thick solid lines 5 desig- 
nate the flowing routes of pure water for humidification. 

55 [0050] Rg. 2 shows the pure water tank 10 in accord- 
ance with the first embodiment of the present invention. 
In the pure water tank 10, atankbody 11 is rectangular- 
shaped to have a bottom wall 12, side walls 13 and a 
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top wall 14. 

[0051] The tank body 11 is made from stainless steel 
that is hard to be influenced by ion. In this embodiment, 
the tank body 1 1 is taper-shaped so as to broaden from 
the bottom wall 12 toward the top wall 14. 
[0052] A pure water introductory pipe 15 is arranged 
to penetrate the upper portion of one side wall 13, while 
a pure water emissary pipe 16 is arranged to penetrate 
the top wall 14 and further arranged so that the lower- 
most end of the pipe 16 extends to the vicinity of the 
bottom wall 12. 

[0053] In the circumference of the tank body 1 1 , a heat 
insulation mechanism 20 is provided to prompt the 
freeze-up of pure water from the side of the bottom wall 
1 2 in the course of freezing the pure water W in the tank 
body 11. 

[0054] In this embodiment, the heat insulation mech- 
anism 20 is formed by a heat insulation member 21 
made of foaming resin, for example, foam polystyrene. 
In detail, the heat insulation member 21 is shaped to be 
thin in thickness in the vicinity of the bottom wall 1 2 and 
sufficiently thick in thickness in the vicinity of the side 
walls 13 and the top wall 14, producing a difference in 
insulation efficiency between the side of the bottom wall 
12 and both sides of the side walls 13 and the top wall 
14. 

[0055] According to the above-mentioned structure of 
the first embodiment, since the thickness of the heat in- 
sulation member 21 is controlled so as to exhibit low in- 
sulation efficiency in the portion of the bottom wall 12 
and high insulation efficiency in the portions of the side 
walls 13 and the top wall 14, the freezing of the pure 
water W, which would be caused if a vehicle stops for a 
long period in a cold district, is prompted from the side 
of the bottom wall 12 of the tank body 11 , as shown in 
Fig. 3A. Subsequently, the growth of an ice gorge W 
progresses from the bottom wall 1 2 to the liquid level of 
the pure water W through the side walls 13, as shown 
in Figs. 3A and 3B. Thereafter, the pure water W is fro- 
zen totally, as shown in Fig. 3C. 
[0056] Consequently, since the expansion of the pure 
water W is allowed in a the upper space in the tank body 
1 1 to make free of an upsurge of the ice gorge W\ ft is 
possible to prevent the side walls 1 3 of the tank body 1 1 
and even the bottom wall 12 from being deformed due 
to the expansion of the ice gorge W. 
[0057] Particularly, accordi ng to this embodiment, ow- 
ing to the employ of the heat insulator member 21 and 
the thickness control of the member 21 , it is possible to 
form the heat insulator means 20 with ease. Additionally, 
since the tank body 1 1 is taper-shaped so as to broaden 
from the bottom wall 12 toward the top wall 14, the al- 
lowable space for the expansion of the ice gorge W is 
enlarged, whereby the deformation of the side walls 1 3 
due to the expansion of the frozen pure water W can be 
prevented certainly. 

[0058] Fig. 4 is a graph showing the result of freezing 
test for pure water in the pure water tank 1 0. 



[0059] In the pure water tank 10 of Fig. 6, all of the 
bottom wall 1 2, the side walls 1 3 and the top wall 1 4 are 
made from SUS304 stainless steel plate having its thick- 
ness t = 2 mm. The tank body 11 measuring H = 120 

5 mm in height, L = 140 mm in length each side of the 
bottom wall 12 and 6 = 10° in taper angle of the side 
walls 13, is formed to be square in plan view. Foaming 
polystyrene plates of 12 mm in thickness as the heat 
insulator member are put on the side walls 13 and the 

10 top wall 1 4, while no insulator member is put on the bot- 
tom wall 12. Noted that the heat insulator member is not 
illustrated in Fig. 6. 

[0060] The pure water W is poured into the so-con- 
structed pure water tank 1 0 up to a level near the top 

t5 wall 14. Then, the tank 10 filled with the water W is ar- 
ranged in a natural circulation type freezer of -20° in 
temperature inside. Fig. 4 is a graph showing respective 
temperature changes over time at respective positions 
© to ® in the pure water W. 

20 [0061] Numeral marks© to© denote temperature- 
measuring positions obtained by dividing a distance 
from the bottom wall 12 to the liquid level at the tank 
center equally among seven in the vertical direction, 
while other marks® to © denote temperature-meas- 

25 uring positions obtained by dividing a distance from the 
intermediate position © of the liquid level to one side 
wall 1 3 equally among seven in the horizontal direction. 
[0062] In Fig. 4, lines a, b and c designate respective 
temperature changes at the positions© to © after 6 

30 hours elapse, 1 8 hours elapse and 24 hours elapse, re- 
spectively. 

[0063] As obvious from the graph, in the vertical di- 
rection of the tank body 11 , the pure water W begins to 
freeze from the side of the bottom wall 1 2 and the liquid 
35 level freezes at last. In the horizontal direction, thefreez- 
ing of the pure water progresses from the side of the 
side wall 13 toward the tank center. 
[0064] As an comparative example, the top wall 1 4 is 
removed from the tank body 1 1 shown in Fig. 6. With no 
40 provision of the heat insulator member on the periphery 
of the tank body 11 , freezing test was performed under 
the same test conditions as above (re. the same liquid 
level, measuring position and temperature inside). Fig. 
5 is a graph showing the result of the comparative freez- 
es ing test. 

[0065] In Fig. 5, lines d, e and f designate respective 
temperature changes at the positions© to <S> after 8 
hours elapse, 10 hours elapse and 12 hours elapse, re- 
spectively. 

so [0066] In this comparative example, it will be under- 
stood from the graph that the pure water W begins to 
freeze from the side of the liquid level and the side of 
the bottom wall 1 2 freezes at last in the vertical direction, 
while the freezing of the pure water progresses from the 

55 side of the side wall 13 toward the tank center in the 
horizontal direction. 

[0067] Fig. 7 shows the second embodiment of the 
present invention. According to the second embodi- 
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merit, the jacket 22 containing liquid heat medium there- 
in is formed so as to extend from the bottom wall 12 of 
the tank body 11 toward the halfway of the side walls 
1 3. Additionally, on the top of the jacket 22, a heat insu- 
lation member 24 similar to the previous member 21 is 
arranged so as to extend from the side walls 13 to the 
top wall 1 4. That is, the above-mentioned heat insulation 
mechanism 20 is formed by the jacket 22 and the heat 
insulation member 24 in this embodiment. 
[0068] The jacket 22 is communicated with the cool- 
ant route 141 of Fig. 1 through a liquid heat medium in- 
troductory pipe 25 and a liquid heat medium emissary 
pipe 26, allowing the antifreeze liquid returning from the 
fuel battery stack 110 to the radiator 140 to be intro- 
duced into the jacket 22. 

[0069] Further, according to the embodiment the 
jacket 22 on the side walls 1 3 of the tank body 1 1 is es- 
tablished so that the level of liquid heat medium intro- 
duced into the jacket 22 is higher than the level of the 
pure water in the body 11 at freezing. 
[0070] Therefore, according to the structure of the 
second embodiment, since the difference in insulation 
efficiency between the jacket 22 having the liquid heat 
medium and the heat insulation member 24 allows the 
insulation efficiency on the side of the upper space in 
the tank body 11 to be enhanced, it is possible to bring 
out the function of the heat insulation mechanism 20 suf- 
ficiently, allowing the freezing of pure water in the tank 
body 11 from the side of the bottom wall 12, as similar 
to the first embodiment. 

[0071] Additionally, when the liquid heat medium is in- 
troduced into the jacket 22 at the start of the fuel battery 
power generating system, the thaw time of the ice gorge 
W in the tank body 11 can be shortened to improve the 
starting capability of the same system. 
[0072] Particularly, since the liquid heat medium is in- 
troduced into the jacket 22 upward of the top of the ice 
gorge W, it is possible to unfreeze the ice gorge W from 
its whole periphery including the top portion, whereby 
the thaw time can be shortened. 
[0073] Fig. 8 shows the third embodiment of the 
present invention. There is no difference between the 
third embodiment and the second embodiment in view 
that the jacket 22 containing liquid heat medium therein 
is formed so as to extend from the bottom wall 12 of the 
tank body 11 toward the halfway of the side walls 13 
However, the third embodiment differs from the second 
embodiment in that a vacuum chamber 27 is defined 
above the jacket 22 so as to extent the side walls 13 of 
the body 1 1 to thetop wall 14, thereby providing the heat 
insulation mechanism 11 by the jacket 11 and the vac- 
uum chamber 27. 

[0074] In order to enhance the insulation efficiency of 
the upper side of the tank body 1 1 , the end of the vac- 
uum chamber 27 at the side walls 1 3 is lowered in com- 
parison with the liquid level of pure water in the tank 
body 11. Noted that in the figure, the chamber end is 
lower than the top of the ice gorge W\ Alternatively, as 



similarto the second embodiment, thejacket22 may be 
formed so that the jacket end at the side walls 1 3 is high- 
er than the top of the ice gorge W. 
[0075] Therefore, also in the third embodiment, since 
5 the difference in insulation efficiency between the jacket 
22 having the liquid heat medium and the vacuum cham- 
ber 27 of high insulation efficiency allows the insulation 
efficiency on the side of the upper space in the tank body 
1 1 to be enhanced, it is possible to bring out the function 
10 of the heat insulation mechanism 20 sufficiently, allow- 
ing the freezing of pure water in the tank body 11 from 
the side of the bottom wall 1 2, as similar to the first em- 
bodiment. Additionally, when the liquid heat medium is 
introduced into the jacket 22 at the start of the fuel bat- 
's tery power generating system, the thaw time of the ice 
gorge w in the tank body 11 can be shortened to im- 
prove the starting capability of the same system. 
[0076] Figs. 9 to 11 each show a pure water tank 210 
in accordance with the fourth embodiment of the inven- 
20 tion. In the pure water tank 210, a tank body 211 is rec- 
tangular-shaped to have a bottom wall 21 2, a peripheral 
side wall 21 3 and a top wall 21 4. 

[0077] The top wall 21 4 is secured on an upper flange 
21 3e of the peripheral side wall 21 3 by fastening means, 
*5 such as bolt and nut. Figs. 9 and 11 each show a con- 
dition where the top wall 214 is detached from the tank 
210. 

[0078] The tank body 211 is made from stainless steel 
that is hard to be influenced by ion. In this embodiment 
30 the tank body 1 1 is taper-shaped so as to broaden from 
the bottom wall 212 toward the top wall 214. 
[0079] A pure water introductory pipe 21 5 and a pure 
water emissary pipe 21 6 are arranged to penetrate the 
top wall 214. Again, the pure water emissary pipe 216 
35 is arranged so that the lowermost end of the pipe 316 
extends to the vicinity of the bottom wall 212. 
[0080] A jacket 21 7 having liquid heat medium intro- 
duced thereinto is formed so as to extend from the bot- 
tom wall 21 2 of the tank body 21 1 toward the peripheral 
40 side wall 213. 

[0081] In side jackets 21 7B, 21 7B of opposing side 
walls 2 1 3a, 21 3b in pairs forming the peripheral side wall 
213, one side jacket 21 7B forms an introductory side 
header 218 into which the liquid heat medium is intro- 
45 duced through a heat medium introductory pipe 220 
while the other side jacket 21 7B forms an emissary side 
header 219 from which the liquid heat medium is dis- 
charged through a heat medium emissary pipe 221 . In 
the tank body 21 1 , a plurality of heat medium tubes 222 
50 are arranged so as to cross the interior of the tank body 
21 1 . Spanning between the header 21 8 and the header 
21 9, the heat medium tubes 222 are communicated with 
each other. 

[0082] The heat medium tubes 222 are formed to be 
55 flat respectively. While aligning their long diametral di- 
rection with the vertical direction of the tank body 211 , 
the heat medium tubes 222 are paralleled each other at 
regular intervals in the vicinity of the bottom wall 212. 
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[0083] Each heat medium tube 222 is provided, at the 
center of the long diameter, with a reinforcing rib 223 
extending between opposing side walls in the short di- 
ametral direction of the tube 222. 
[0084] The heat medium introductory pipe 220 and 
the heat medium emissary pipe 221 are arranged on the 
longitudinal ends of the introductory side header 218 
and the emissary side header 21 9, respectively, and al- 
so arranged at substantial intermediate positions of the 
sections of the headers 21 8,219. 
[0085] lnthesidejackets217B, opposing side jackets 
21 7B' each intersecting with the headers 218, 219 at 
right angles are separated from a bottom jacket 21 7 A 
through an extension 21 2a of the bottom wall 21 2. Being 
substantially paralleled with the side walls 213c, 213d, 
these side jackets 21 7B* are formed with relatively nar- 
row gaps, having sectional areas smaller than those of 
the headers 218, 21 9. 

[0086] The heat medium lube 222 is established to 
have its passage area or the corresponding diameter D 
(note; D = 4S/L, S: sectional area, L: peripheral length) 
generally equal to that of the side jacket 21 7B*. 
[0087] The above jacket 217 is communicated with 
the coolant route 141 through the heat medium intro- 
ductory pipe 220 and the heat medium emissary pipe 
221 , allowing the antifreeze liquid returning from the fuel 
battery stack 1 1 0 to the radiator 1 40 to be introduced 
into the jacket 21 7. 

[0088] The side jackets 21 7B are each established so 
that the level of liquid heat medium introduced thereinto 
is higher than the level of the pure water in the body 21 1 
at freezing. 

[0089] In Figs. 1 0 and 1 1 , reference numeral 224 des- 
ignates a drain part for draining the pure water from the 
tank body 211. 

[0090] Again noted that if a vehicle stops for a long 
period in a cold district, the pure water in the pure water 
pump 210 is frozen to ice gorge. However, according to 
the structure of the fourth embodiment, at the start of 
the fuel battery power generating system, a not-shown 
water pump in the cooling system of the radiator 140 is 
driven to circulate the antifreeze liquid (after heat ex- 
change at the fuel battery stack 1 1 0) in the jacket 21 7. 
Then, the antifreeze liquid circulates through the side 
jackets 21 7B, the bottom jacket 21 7A and the heat me- 
dium tubes 222, thereby carrying out the heat exchange 
against the whole ice gorge (including its periphery, bot- 
tom and center) in the tank body 211 . As a result, it is 
possible to thaw the whole ice gorge in a short time, 
whereby the starting capability of the fuel battery power 
generating system can be improved remarkably. 
[0091] If fever generated from the fuel battery stack 
110 cannot thaw out the ice gorge in the pure water tank 
210 within a predetermined period, the heater unit 142 
between the fuel battery stack 1 1 0 in the cooling system 
and the jacket 21 7 of the pure water tank 21 0 heats the 
above antifreeze liquid, so that the starting capability of 
the fuel battery power generating system can be im- 



proved. 

[0092] According to this embodiment, since the thick- 
ness of the ice gorge can be reduced and equalized gen- 
erally owing to the provision of the adjoining flat heat 
5 medium tubes 22, it is possible to prompt the thawing- 
out of the ice gorge. 

[0093] Additionally, since the heat medium introduc- 
tory pipe 220 and the emissary pipe 221 are together 
positioned at the substantial centers of the introductory 

10 side header 218 and the emissary side header 219 of 
the side jackets 21 7B, the liquid heat medium can be 
distributed to the heat medium tubes 222 equally. Fur- 
ther, since the side jackets 21 7B' in parallel with the heat 
medium tubes 222 each have a cross section generally 

15 equal to that of the tube 222, the liquid heat medium can 
be distributed to the side jacket 21 7B and the heat me- 
dium tube 222 equally. For these reasons, the thaw per- 
formance can be enhanced in the embodiment. 
[0094] Furthermore, in spile of flatness of the heat 

20 medium tubes 222, the provision of the reinforcing ribs 
223 therein enables prevention of the tubes 222 from 
being deformed by expanding force of the ice gorge. 
[0095] Again, sincethe tank body 211 broaden toward 
the upside portion allows the allowable space for the ex- 

25 pansion of the ice gorge to be enlarged, it is also possi- 
ble to prevent the peripheral wall 213 of the tank body 
211 from being deformed due to the expansion of the 
frozen water. 

[0096] Fig. 12 is a graph showing the thaw perform- 
30 ance of the pure water tank 210 of the fourth embodi- 
ment and a comparative structure where no heat medi- 
um tube 222 is provided but the jacket 217 only. In the 
figure, line a designates the thaw performance of this 
embodiment, while line b designates the thaw perform- 
35 ance of the comparative example. From the graph, it will 
be understood that the structure of the embodiment can 
exhibit remarkably-high thaw performance shown with 
the line a due to the heating action of both the jacket 

21 7 and the heat medium tubes 222 in comparison with 
40 the performance of the comparative structure shown 

with the line b. 

[0097] Figs. 1 3 to 1 6 show the fifth embodiment of the 
present invention. According to the fifth embodiment, 
the introductory side header 218 and the side jackets 

45 21 7B\ 21 7B' of the jacket 217 are perfectly separated 
from the bottom jacket 21 7A through the extension 21 2a 
of the bottom wall 212, while the bottom jacket 21 7A is 
communicated with the emissary side header 219. 
[0098] The bottom jacket 21 7A is formed, on the un- 

50 derside of the introductory side header 21 8, so as to en- 
large upwardly. The heat medium introductory pipe 220 
is arranged at the center of the introductory side header 

218 in the width direction. Below the heat medium intro- 
ductory pipe 220, the heat medium emissary pipe 221 

55 is arranged in such an enlarged part of the bottom jacket 
21 7A. 

[0099] The heat medium tubes 222 are circular 
shaped and arranged in multistage in the vertical direc- 
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tion. 

[0100] The heat medium tubes 222 on the lower stage 
are each positioned to be. between the heat medium 
tubes 222, 222 on the upper stage in plan view. Each 
heat medium tube 222 is provided, on its periphery with 
fins 225. 

[0101] At each corner of the peripheral wall 21 3 of the 
tank body 211 , the side jacket 21 7 is rounded with a pre- 
determined curvature radius thereby providing a curved 
bending R. 

[0102] Inthefifth embodiment, the liquid heat medium 
introduced from the heat medium introductory pipe 220 
is distributed, at the introductory side header 218, to a 
plurality of heat medium tubes 222 substantially equally 
and also the side jackets 21 7B\ 21 7B'. Continuously, 
the liquid heat medium flowing in the heat medium tubes 
222 and the side jackets 21 7B*, 21 7B' is gathered at the 
emissary side header 219 and into the bottom jacket 
21 7A. Then, the liquid heat medium is discharged from 
the bottom jacket 21 7A out of the jacket 21 7 through the 
heat medium emissary pipe 221 . 

[0103] Therefore, since the similar unfreezing to the 
fourth embodiment is prompted, it is possible to improve 
the starting capability of the fuel battery power generat- 
ing system in the fifth embodiment. 
[0104] Further, since the heat medium tubes 222 each 
have the fins 225 on the periphery in this embodiment, 
the heat transmission area of the heat medium tubes 
222 can be increased to enhance an effect to prompt 
the unfreezing of the central portion of the ice gorge. 
[0105] Additionally, owing to the provision of the 
above bending R at each comer of the side jacket 21 7B, 
the air-flow resistance of the side jacket 21 7B is re^ 
duced, whereby it is possible to perform the circulation 
of the liquid heat medium smoothly. 
[0106] Finally, it will be understood by those skilled in 
the art that the foregoing descriptions are nothing but 
some embodiments of the disclosed pure water tank for 
the fuel battery power generating system . Besides these 
embodiments, various changes and modifications may 
be made to the present invention without departing from 
the spirit and scope of the invention. 



Claims 

1 . A pure water tank for a fuel battery power generat- 
ing system, comprising: 

a tank body having a bottom wall, side walls and 
a top wall, accommodating pure wafer; and 
a heat insulation mechanism arranged in the 
circumference of the tank body to prompt freez- 
ing of the pure water starting from the side of 
the bottom wall. 

2. The pure water tank of the fuel battery power gen- 
erating system of claim 1 , wherein the heat insula- 
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tion mechanism comprises a heat insulation mem- 
ber that is attached to the outer surface of the tank 
body and thickness of the heat insulation member 
is established to be thin on the side of the bottom 
wall of the tank body while being thick on the sides 
of the side walls and the top wall, relatively. 

The pure water tank of the fuel battery power gen- 
erating system of claim 1 , wherein the heat insula- 
tion mechanism comprises: 

a jacket arranged so as to extend from the bot- 
tom wall to halfway of the side walls of the tank 
body, the jacket having a liquid heat medium 
introduced thereinto; and 
a vacuum chamber arranged above the jacket 
successively so as to extend from the side walls 
up to the top wall of the tank body. 

The pure water tank of the fuel battery power gen- 
erating system of claim 1 , wherein the heat insula- 
tion mechanism comprises: 

a jacket arranged so as to extend from the bot- 
tom wall to halfway of the side walls of the tank 
body, the jacket having a liquid heat medium 
introduced thereinto; and 
a heat insulation member arranged above the 
jacket successively so as to extend from the 
side walls up to the top wall of the tank body. 

The pure water tank of the fuel battery power gen- 
erating system of claim 3, wherein the jacket on the 
side walls of the tank body is established so that a 
level of the liquid heat medium introduced into the 
jacket becomes higher than a top level of the pure 
water in the tank body at freezing. 

The pure water tank of the fuel battery power gen- 
erating system of claim 1 , wherein the tank body is 
formed so as to gradually broaden from the side of 
the bottom wall toward the side of the top wall. 

A pure water tank for a fuel battery power generat- 
ing system, comprising: 

a tank body having a bottom wall, a peripheral 
side wall and a top wall; 

a jacket which is formed so as to extend at least 
from the bottom wall to the peripheral side wall 
and into which a liquid heat medium is intro- 
duced, the jacket having side jackets formed in 
side walls of the peripheral side wall; 
an introductory side header formed on the side 
wall to introduce the liquid heat medium into the 
side jackets; 

an emissary side header formed on the side 
wall to discharge the liquid heat medium from 



8 



BNSDCCID: <EP 1 406330A2_I_> 



15 EP 1 406 330 A2 16 

the side jackets; 

a plurality of heat medium tubes formed so as 
to cross the interior of the tank body and also 
communicate with the introductory side header 
and the emissary side header. s 

8. The pure water tank of the fuel battery power gen- 
erating system of claim 7, wherein the heat medium 
tubes are shaped to be flat and arranged so that 
their long diametral directions accord with the ver- 10 
tical direction of the tank body. 

9. The pure water tank of the fuel battery power gen- 
erating system of claim 8, wherein each of the heat 
medium tubes is provided, at its center part in the is 
long diametral direction, with a reinforcing rib that 
bridges between both side walls of the heat medium 
tube in the short diametral direction. 

10. The pure water tank of the fuel battery power gen- 20 
erating system of claim 7, further comprising a heat 
medium introductory pipe formed at one end of the 
introductory side header in the longitudinal direction 
and at the sectional center of the introductory side 
header, and a heat medium emissary pipe formed 25 
at one end of the emissary side header in the lon- 
gitudinal direction and at the sectional center of the 
emissary side header. 

1 1 . The pure water tank of the fuel battery power gen- 30 
erating system of claim 7 ; wherein each of the heat 
medium tubes is provided, on its periphery, with 
fins. 

12. The pure water tank of the fuel battery power gen- 35 
erating system of claim 7, wherein each of the heat 
medium tubes is formed to have a passage cross- 
sectional area or the corresponding diameter sub- 
stantially equal to the passage cross-sectional area 

or the corresponding diameter of one of other side 40 
jackets in different phase of the introductory side 
header and the emissary side header. 

1 3. The pure water tank of the fuel battery power gen- 
erating system of claim 7, wherein the tank body is <*5 
taper-shaped so as to broaden from the side of the 
bottom wall toward the side of the top wall. 

14. The pure water tank of the fuel battery power gen- 
erating system of claim 7, wherein the side jackets 5° 
are respectively provided, at respective comers of 

the peripheral wall of the tank body, with a curved 
structure. 
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